International business cycles, financial markets and household production by Fabio Canova & Ángel J. Ubide
In ter n at ion al Bu sines sC ycles, Finan c i al Mark et sa nd Hou sehold
Pro d uct io n
F a bi o Ca no v a
￿
Uni v e rsitat P o m p euF abra , Univ ersi t y of M o dena an dC EPR
and
A ng e l J. Ubi de
I MF
T hi s v ersion: Ja n u ary 19 97
Ab str ac t
Thi s pa p er in v e stig ates the pr o p erties o f a n in ter na t i onal re a l busines s cycle m od el with
ho u sehold p ro duction.W es ho w that a m od el with di s turbance s to b o t h m ark et and ho us e-
ho ld te c hnol ogi e s r epro duc es the m ai n regula r i tieso ft he data a n d i m pro v e s e xi s ti ng m o dels
i n m atchi ng i n ter natio nal c onsum pti on, i n v es tm en t a n d output c o r relati ons without i rr eal -
i s ti c assum ptionso n the st ruct ure o f in tern a tional ￿nanc i al m ark et s. Se nsiti vit y ana lysis
sho ws th e r o bus tnes s of the re sults to al te rnati v e sp eci￿cations of the st oc hastic pr o ce sse s
f or the di s turbance s a nd to v a r i atio ns of unm easur ed param ete rs wi th i n ar easonable r a nge .
Ke y w ords: Househ o l dP ro d uction, I n terna ti onal Bu sin ess Cycl es, T ast e Sho c ks, Consumpti on
Cor rel at i ons.
JEL Classi ￿cat i on nos: C6 8, E32 ,F 4 1 ,
￿
W ew ou ld li k et o t ha n k t w o a non y mous referees , Stev eA m b ler, Fin n Kydl an d, Ev a Ortega, M orten Ravn,
Ran dy W ri gh t and the parti ci pan ts of th e NBER Conference on Lab or Ma rk e t sa tU Q A M , the 1995 Coll o q ui a on
Econ omi c Resea rc ha t I GI E R, Mi la n, th e 7th Econome t ri c Soc ie t yW orld Meeti ng, T ok y o, the 19 95 EE A Meeti ng,
Prag ue and of semi nars at E U Ia n dP omp eu F abra f o r hel pful commen ts a nd su ggesti ons . Cano v aa c know l edg es
the ￿n anci al sup p ort of a DGICY T grant.1 I NTR ODUCTION 1
Soltan t oq ue s to, o ggi, p os si amo d ire,c io ’c he non si amo , ci o’ c h e non v oglia mo.
Eugen io Mo n tale
1 In tr od uct ion
Si nce the se minal w o rk o f Kydl and a n d Prescott ( 1982 )a nd Long a n d Pl os se r ( 1983 ), man y
author s ha v e i n v estigat ed the prop ert i es o f domestic bu sines sc yc les withi n the fr amew or k of dy -
namic ne o classi cal g e neral equi l ibri um mo d els. I n i n ternat i onal fra mew ork s these mo del s ha v e
be en used to stud y the de t ermi nan t s of aggr e g ate ￿uctuations in o p en economi es and the tra n s-
mi s si on of id iosyncratic sh o c ks a c r oss coun tries.F or e xa mp le, Mendoza (19 91) ,a nd Correia,
Nev es a n d R eb elo ( 1992 ) ha v e a d dressed t h e qu estion o f what generat e s agg regat e ￿u ctuat i ons
i n a sm al l op en ec o nom y;B a c kus, Ke ho e and K ydland ( B KK) (1 992) ha v e consi dered a t w o
coun try-one go o d mo del to i n v e s ti ga te t he i n t e r n a ti o n a l p ro pagat i on of d o mesti c c ycli cal ￿uc t u -
at i ons. T h e basi c one -g o o d fra me w ork has b een extende d to in cl ude m ulti pl e sources o f sho c ks
(e.g . go v ernme n t sp en di ng (Ra vn ( 199 3)), m ult i pl e s ource s of transmissi o n (pro duc t i on a n d
consumpti on in terdep end enci es( Cano v a a n d M arrin a n (199 6)) , no n tra d a b le consu mpt i on goods
(Sto c km an and T esa r( 1 994) ) and the prop e r ti eso ft hese m o d els for t rade i ssues( J-cu rv e, se e
BK K (1 993) ,p ol icy qu est i ons (sa vi ng a n di n v estmen t corr e lations,s ee Baxter a n d Cruci ni ( 199 3)
or V a n Wi nco op a n d M arrinan (1 994) ) a n d insu r anc e s c he mes( see e.g. Dev ereu x, Gr e g ory a n d
Smi t h ( 199 2)) ha v e also b e en studi ed.T he re ha v e al so b een a few a ttemptst oi n tro duc e mo n ey
in t o these mo de ls, see e.g. Cardia (19 91) .D e spite these e￿ ort s, there are stil l a sp ects o fi n ter-
national data t ha tt he s e mo del s fail to accoun tf o r, e.g. the relativ eo rde r in g of c r oss-coun try
consumpti on and output c o rrel a ti o n s (an exc eption i s Ma rri nan (19 95)) a n d some o ft h eq u a n-
titat iv e prop erti es o ft h e m odels, e.g. the magni t u d eo ft he corr e lation b et w een o ut pu t a nd
in v es tmen t, a re s e nsi t iv e to the c hoice of unmeasured p a rameters.
T h is pap er con t ri butes t ot hi s l it e r a ture b ye x a mi ni ng the prop ertie s of an in ternational
bu s in es s cyc le mo del with househol d pro duc t i on. Th ere are sev eral reaso ns w h yt hi s m a yb e
an i n t er es t i ng und ert aki ng. Th eo reti call y , househ o ld pr o d uction c a n pro vi de a ￿ r m rational e
for the prese nce of n o n traded go o ds in an i n t er na ti o na l busi ness cycl e mo del a n d hi g hl ig h ta
c hanne l through whi c h substi t ut i on e￿ects t ypi cal o f l ab or a nd g ood s m a r k ets o v er the b usin ess1 I NTR ODUCTION 2
cycl e ( e.g.e n terin g t h e w o rk f orce vs.w orking a t h o me; consumi ng homep r o du ced or ma rk et
pro du ced go o ds) ma yb ee xam i ned . M oreo v er, S t oc kman and T esar ( 199 4) ha v e fo u nd that
ta ste sho c ks ma y h el p t o rat io nali ze i n ternat i onal como v emen ts of price s. Household prod ucti on
sho c ksm a y al so b e used to justi f y thep resence of otherwise uni n terpreta b le ta ste sho c ks i n t h e
uti li t y fu nction oft he rep resen ta ti v e a gen t of ac oun tr y .
Ho us ehold pro duc t i on app ear st ob e an i mp ort an t feature of t h er eal w orld . F o rmal a n d
i nfo rmalm eas u res of t h e i mp ort anc eo ft he house hold secto r h a v e suggested that thi s secto r’s
output rep r e s e n t s b et w e en 20 and 50 p e r c en t of the v alue of measured gr oss n a ti o n a lp r o d uct
i n sev eralO ECD c o u n t ri es (Eisne r ( 198 8)) . I n addi tion, Hi ll (19 85) a n dJ u st er and Sta ￿ord
(1 990) rep o rt that a t yp ical US mar ri ed coup le sp end s 25 per c en t of thei r ti me w orking un paid
at home, whi leB o n k e (19 95), stud ying 14 di ￿eren t c o un tri es, ￿nds that w o men w ork at home
b et w een 25 and 57 p e r cen t o f the irt ime w h il e men dev ot e b et w ee n3and 21 p er c en t of thei r
time to househol d a ct i vi t i es. These ￿ g u r e s su g gest t h a t the i ncl usion of househol d pro du ct i on i n
a busi ness c ycle mo del ma y h a v e i mp ort an t i m p li cations for our unde rs tandi ng of ho w cycl ical
dynami cs a re p r opagat ed bo th a t a dom e st i c and at an i n ternat i onal l ev el and ma y a c coun t for
some of t h e une xpl a i ned a sp ects of the data .
Recen t l y Benh a b ib, R og e r sona nd W righ t (BR W he ncefort h) (1 991) , Green w o o d a n d Her-
co w i tz (19 91) and G reen w o o d, R o gerson and W righ t (G R W ) (199 3) exami ned t hep roper ti es
of closed econom y R BC mo del s withh o u sehold pro ducti o n a n d sho w ed t h a t they outp e r form
exi st i ng RBC m o d elsi nm atc h in gt he v ol a ti li t yo fm a rk eto utpu t , the relativ e v o la t i li t y of
consumpti on and i n v estmen tt om a r k et o ut p ut the co rrel at io n b e t w ee n mark e t hours and pro-
du ct iv it y and the cycl ic a lp r o p ert ie s o f househol d and bu sine ss i n v es tmen ts. F i sher ( 199 2)
and McGrat tan, Ro g er son a nd W righ t( 1 993) (MR W) estimated cl osed e co no m y mo de ls wi th
househ o l d pro d uction, obta i ni ng signi ￿can te s t imates o fh o u sehold pro ducti o n par ameters, a nd
p erf ormed ￿scal p oli cy exerci ses wh ic hr e a c hv er yd i ￿ er en t concl usi ons from those of sta n dard
mo del s. R ios-R ul l (19 93) studi ed the cro ss-sec t io n a l w a ge, ed ucation and emp lo ymen tp r o￿l e of
w o rk ers i n a mo del wi t h househ o l d pro ducti o n and ￿nd s that lo w er -w ag e , l ess ski l led or ol der
i ndi vid uals tend to d ev o te more time t o house hold a ct iv i t ie s .
T ot h e b est of our kn o wle dge, no one has y et c o n side r e d the e￿ects of househ o l d pro ducti on
i n an op en econom yf r amew o rk. Our w or ka ttempts t o￿ l l t hi s g a p b ya s k i n gw he t h e ri ti s1 I NTR ODUCTION 3
p o ssi bl et oi mpro v e the p e r forma n ce ofe xi st in g mo del s b y consi derin gs ho c ks to b oth ma rk et
and househ o l d tec hnolo gi es. In part i cu lar, w ea re in terested i n kno w i ng whethert he a d diti on
of househol d pro duc t i on shoc ks in an ot he r wi se sta n dar d mo delh el ps to sol v e t hree r em a i ni ng
pu zzl es of the in ternational busin essc ycl e l i t erature, i .e. thes izeo f the v ol a ti li t y o f t he termso f
tr ade , the rel a ti v em agni t ud e o f cro ss coun try consu m p t i on a nd outpu t corr e lations a n d t he si gn
andt h e magni t ud e of cro ss coun t ry in v estmen t correlati o n s , wi tho u t sim ul ta n eously a￿ ecti ng
ot h er im po rt an t asp ec t s o f t h e mo del. In tuit i v ely , the presen ce of ho us ehold pro du ct i on ma y
redu ce the ext e n t o f t hem ismatc h b et w een t h eor y a n d the dat a for three reasons. Fi r st, t h e
econom yd is pl a ys pro duc t i vit y d i￿eren tial s acro ss sector s in resp o n s e to tec hnol o gy di s turbance s
and, as a rgued b y B R W, this t end st o en larg e t he v ol a ti li t y of ma rk et v ariabl es. The r e f ore,
w e e xp ec t to b ea bl e to gene r ate hi g h er v ar i abil i t y i n t h e terms o f tra de rel at i v e t o mo del s
without h o me pro duc t i on. S econd, wi t h home p r o d uction t h ere is an expl ici t non- t radabl e sec t or
i n the econom y and thi s ma y break the t i gh t li nk b et w e en i n ternat i onal m ark et consumpti on
correlations t ypi cal of mo del s with c o mp lete i n ternat i onal ￿ nancia l mar k ets. T h e hi gher i s t h e
substi t u t abi l it y b et w een consu m p t i on o f mar k et a n d nonma rk et g o o ds, the l o w er are li k el y to
b e in ternational ma rk et consumpti on corr e lations (rel a ti v e t o outputc orrel a ti o n s ). Thi rd, whe n
househ o l d p r o d uction r e qui r e sc apital , negat i v e sho c ks to t h em ark et tec hn o l og y ma yr esul ti n
l o w er i n v estm e n t in t he mark et sector b ot h domestic a l l y and abroad, as capit al is r e a l l o cat ed to
househ o l dt ec hn o l og i es, t h erefo re m aki ng the cross-coun tryc or rela t i on of ma rk et i n v e st men tl ess
negativ e. Si mil arly ,w it hp osit i v e h o u seholdt ec hnol og ys ho c ks, i n v estm en ti nt he ma rk et sec t ors
of b oth c o un tri es wil l tend t o d ecl ine l ea di ng t oap o si tiv ec o rrel at i o no fm a r k et i n v est me n t s.
Therefore ,ac o m bi nat io n o f t ec h nology di sturbances in b oth secto rsm a yh e l p t og e n e r a t ec r o s s
coun try in v estmen ts corr e lations i n the r ange of v a lu e s o bs er v ed in t he d a ta .
Aft er this i n t ro duc t i on, w ep r es e n ti n s ec t i o n 2 a n extensi o n of the t w oc o un t ry m ode l o f
Bac kus, Keho e , K ydland (BK K) (199 3) whe r ee a c hc o u n try p ro duces one i n t ermed iate tradabl e
go o d with a m ark et tec hn o lo g y and one ￿ nal non tr adabl e go o ds pro duce d with a ho us e h o l d t ec h-
nol o gy . Domestic and forei g ni n t ermed iate go o ds are c o m bi ned to pro duce d a ￿ na lm a r k e t g ood
whi c h can b e use d fo r consumpti o na n di n v estmen t .T ec h nologies are sub ject to pro ducti vit y
di st u rbances and r e quire capital a nd la bo u r. S inc e the house hold g ood c a n o n l y be co n sumed,
househ o ld pr o d uction d isturbance s p la y the role of ‘t aste’ sho c ks: the y c ha ng et h e comp ositi on2 THE MODELE CO NOMY 4
of t he bund le co ns umed b y the ag e n t s i n equi li br i um, the al lo cation of time be t w een m ark et a n d
nonmark e t a c t i vit ie sa nd the comp ositi o n of i n v es t men t b y sector therefor ep ro du cin g dynami cs
whic h a re di ￿ e r e n t fro m thos e gene ra ted b y di s turbanc es to t hem ark e t tec hnol o gy . Ina ddit ion,
b ecause househol d pro ducti o n i s no tp ar to f measured GNP , di sturbances to the househol d t ec h-
nol o gy a￿ e ct ma rk eto utput only t o the ext e n t thatt he el ast i ci t y of sub st i tut io nb et w een ma rk et
andn onma rk et go o ds is d i￿eren t from zero and t h e d eg ree ofs ub s ti t u t i on b et w een the t w ot yp es
of go o ds is cruc ial for d et e r mi ni ng t hep r ope rt i es of domestic andi n t er na ti o n a l t ransmi ssion.
Thi s feat u r e criti cally di stingui shes o u r m o d el fr om those of Sto c kman and T esa r (199 4) or Ra vn
(1 993) andw il l hel p us acc o u n t for some of t h e puz zli ng features of t h ea ctual d a ta.
Ins e ction 3 w e descri b e t h ec al ibration o f t he mo del . In sect io n 4 w e ￿rst bri e￿y di s cu ss
some fea tureso ft h e data and then presen t a qu a n ti t ativ e analysi s of three symmetric v ersi ons
of the mo del : one where o n ly di st ur b a n ces to the mar k et t ec h nology are p r e sen t , w h ic h wi ll
serv e a s a b en c h ma rk; a second one wh ere onl y di st ur b a n ces t o the househol d t e c hnology exi s t,
whi c h wi ll giv e us an i dea of w h a t home p r o d uction do es i n the mo de l a n dt h ird one, where b oth
t yp es of sho c ks are p resen t. W e sho w that wh en b oth t yp eso f di st u r b a n ces ar e p r e s e n t ,t h e
mo del accoun tsf or the rel a ti v e size o f crossc oun tr y c o n sumption and outpu t correl a ti o n a n d
the po si tiv e cross coun tryc or rela t i on of in v estmen t w hi le main tain in g a reaso n a b lyg ood￿ tt o
the data i n otherd im ensi ons. I n section 5 w e st u dy whether the p r e s e nce of asym met ri es in t h e
proc esse sf or t he d isturbance s al t e r s the prop ert i es of the mod el .W ea lso p e r form s e nsiti vit y
analysi s t o c hec kw he ther t heo utcomes dep end on t h ec hoiceo fu nmeasured param e t ers or of
param et ers for w hi c haw i d er a n g eo f emp iri cal esti m ates exi st . W e ￿ nd that the b a si c features
of t h e si m ul ations are robust to b ot ht h e presen ce of asymm et ri es and to the c hoi ce of man y
param et ers wi t h in a reasonabl e ra ng e. In terestin g ly ,i n t er na ti o na lc o m o v emen ts ha v ea n o n-
li ne a rr e l a t i onshi pw i t hs o me o f the para meters. Secti o n 6 concl udes.
2 The Mo del Ec on o m y
The m ode l w e empl o ye x t en ds the t w oc o un t ry setup of BKK ( 1993 ) to i ncl ude househol d
pro du ced go o ds. Co un t ri es are p opu lated b y one represen tat iv ea gen tm axi mizi ng her ut ili t y
and l ivi ng fo rev er. The r e are no restr i ctions to capital mo v em en t so rt rade i n i n t ermed iate
mar k et go o ds, but l a b or and ￿ nal go o ds ar en o tt r ade d a cr o ss coun tries. W e assume that at ti me2 THE MODELE CO NOMY 5
zero t h e t w oc oun tr i es ar e equ a l l y w ealth y a n dt h a t a gen ts c a n wri t e in t e r n a ti o n a l con t i ngen t
con tr acts promisi ng t o pa y a f raction of the i n t e r med iate mar k et go o ds. Con t i ngen tc on t racts
promisi ng to pa y a fr acti o n of t h eh ouseh o l d o r of the ￿nal ma rk et go o ds are written andt r ade d
onl yd omest i cal ly .



















where W i s to tald isc o u n t ed l ifeti m e util i t y , U
h
(: ) i s the i nstan t aneous ut i l it y func t i on, Ei s
the condi tional e xp ec t ations op erato r, ￿ i s the sub jecti v e disc o u n t facto r, C M
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of the ￿na lm ark e t g o o d , C N
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is c o n s um pt io no f the househol d go o d and L
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i s a CES a ggrega tor, 0 ￿ a ￿ 1 is t he rel a ti v e w eigh t
of m ark et g o o d s i n tot al consumpti o n ,
1
1 ￿ e
i s t h ee la sti ci t y of s u bstitution be t w ee n ma rk et
and househ o l d go o ds, 0 ￿ b ￿1 i s the rel at i v e w e igh t ofc onsumpti o n t o le isure and ￿ is t h e
risk a v ersionp a rameter. T ota l en do wmen t of t i me i s norm al iz ed too ne andl ei sure c hoi ces are
constra i ned b y:






￿ 0 ( 3)
where H M
ht
ar e hours w ork ed in t h e ma rk et sector and H N
ht
a re h o u r s w or k ed in the househol d
sector a tt i m e t in co un t ry h.
Ea c hc o u n try h sp eci a l i zes in the pro du ction of an in termedi at em a r k et g ood Y
h
and o fa
￿n a l househ o ld g ood C N
h
usi ng a Co bb - Do ug la s t e c hnol o gy
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i s the sto c ko f c a p ital used in the p r o d uction of t he m a rk et ( ho us eh o l d) g ood , X
ht
is a la b our
augmen t in g H ic ks-neu t ral t ec h nological prog ress, assumed to gr o w at a common ra te ￿ - 1 across2 THE MODELE CO NOMY 6
sectors andc oun tr i es, a n d ￿ a nd ￿ are sha re para meters. Whi le there is som e evi de nce ( se e
Gr e en w o o d a n d Herk o wit z( 1991 ) and MR W (19 93) )t hatt he househol d pro du ction func tion i s
note xactly Cobb- D ougl a s, them a rgi nal gain of ha vi ng am or eg en eral sp eci ￿cation i no ur se t u p
i s min im a l a n d w e ne g l ect this p o ssi bi li t y . As i n BKK (19 93) w e as sum et hat Y
ht
can be ei ther

































are exp o rtsa nd imp o rts of coun try 1 and ￿
h
i s the sh a reo fp opul a ti on
























. Do mesti ca nd f orei gn
i n t ermed iate mark e t g o o d sa r e com bi ned t o p r o d uce a ￿nalm ark et g o o d i n eac h coun tr y , V
ht
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h = 1; 2 ( 8)




are para metersr egul at i ng the d o mesti c and forei g n con t e n t of mar k et p r o du ced ￿nal g o o d s.
T he mark e t secto r pro duce si n v estmen t go o ds but the nat io nals t o c k o f capital i s used in
b o th the m ark et andh ouse hold s e cto rs. The l a wo fm ot i on of capi t al i s :
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i s the tot al st oc ko fc a p i t a l of coun try h,0 <￿ < 1 i s the de preci a ti on
rat e, commo nt ob o t hs e c t ors and c o un tri es and I
ht
is to tal i n v es t men t in coun try h. Con t rary
to B KK w e do not in tro duce ti me to bu il d i n (9 )s i n c ei tc o mp li cat es t he set up w i t hout addi ng
to o m uc h to the d ynam ic s of t he v ariabl es o fi n terest . Al so, con tra ry to standard o n e g ood
mo del s, w e do not ne ed to in cl ude adju s tmen t costs in ( 9) to pro duce acceptabl e resul ts b ec a us e
the presenc e of t w o g ood s in e a c h coun tr y prev en ts the mo del fr om g e nerat i ng e xcessi v el y large
capi t al ￿o ws in r e sp onse to tec hnol o gy di sturbances.




















a n d ￿
t+1
￿ N (0; V ) .T hi ss pe c i￿c a ti o n for the di stur-
bance s i s gene r ale no ug ht o en com p a ss sev era l f ormso fa symmetr i es acro ss coun t ri es w h ic h w e
will di scuss l a ter on.





























i s the impo rt ratio i n coun tr y 1. A lso, ne te xp o rt i n coun t ry 1 rel a ti v e to output i s











It i s useful to p oin t o u t that our mo de ls peci￿ cat i on di￿ers f rom thoseo fS to c kman a n d
T esar (1 994) a n d R a vn (1 993 ) s i nc e i n the ir setup s the n o n traded g o o d ’ s o u t p ut is part o f t h e
resource constra i n t so that a sh o c k to t h e non tr ade d t e c hnology a￿ ec t s GDP di rec t l y . I n our
mo del the non t raded ( h o u s e hold)g o o d do es not en ter the c o mpu t ation of measured GD P so
that a sho c k to the househ o l d sec t or a￿ ec t s GDP o n lyt o t h e exten t t h a t mark e t and househol d
go o ds ares ubsti t u t es.
It is e a sy to dece n t rali zet he plann er proble m w e h a v e justd escri b e d ass u ming that t he re
are t w o equi t y eac h coun try: o n e wh ic h pa ysa sd i vid ends uni ts of t h e ￿nalm ark et go o d a n d
one whi c h p a ys as di vi dend su ni t s o f the househol d go o d. Thesee qui ties are n o t tra d ed in in ter-
national mar k ets.M o reo v er, w e a ssume there is onef actor ma rk et, t w o go o dsm ar k ets (one for
i n t ermed iate go o ds and o n e for ￿nalg oods) a n d an equ it y mar k etf or eac h coun try . On the fa c -
to r ma rk et the domestic househ old ren ts facto rs o f prod uc t i on to the ￿rms prod ucin gh ousehol d
and i n t er med iate ma rk et g oods a n d r e cei v ei ne x c hn a ge facto rp a ymen ts .O n t h e i n ternational
mar k et for in termedi a te g o o d s, the ￿rm pro d uci ng the ￿nal go o ds acqui re in termedi at e g ood s
and com b ine themt o p ro duce one dom es t i c ￿nal mar k et go o d whi c hi ss o l do n d o mestic ma rk ets
to do me s ti c househ o l ds. Do meti c househ o ld o wn these ￿ r ms and recei v e as divi dend s f r o me q -
ui t yo w n ership wh a tev er is l eft o v er after pa ymen ts t od omestic and foreign i n term ed iate go o ds
pro du cin g ￿ r ms are ma de . W ea l s oa ssu m et ha ti n t ermed iate goo d pro duci ng ￿rms ar ev erti call y
in t egrat e d and o w nb y ￿rms p r o d uci ng ￿nal m ark et g oods . The househ o l d al so o wns t he ￿ r m
pro du cin g househol d go o ds and recei v e for its equ it yo wne r sh ip what ev e r is le f t o v er aft er f a ct or
pa ymen t s.






































3 The C a l i bra t ion an d t h e So l uti on of t heM o d e l
In cali brat i ng the pa rameters of t h e mo del w e follo wt he e xisti ng pra c t i ce of c ho osin g share
param et ers to repl i ca te l o n g run a v erages o f the dat a and util i t y par ameters t o ma tc h estimates





=0.5 a re st and a rd andd on ot requi r e di scussi o n . T oe co no mi ze o n para me t ers a n d
b ecause resul ts a re inse nsiti v e t o thi sc hoic e w e set ￿ =1. ￿ i s set t o 0.3 6w hi c h i s, app pro xi ma tel y ,
the mean v al ue o f the share o f capi t al in pro du ction for dev el op e d coun t ri es ( se e Zi mmerma nn
(1 994) ) a n d i t i s close to the capital share fo r t h e U S, Germa n y and Japan ( se e Cano v a a nd
Ma rri nan ( 199 6)) . T o matc h the steady st ater atio of consu m p t i on o f househ o l d go o ds to
mar k et outpu t ( CN/Y) (0. 20-0. 50 accordi ng to Ei sner (198 8)) , w e set ￿ , the share of ca p itali n
the househol d p r o du ction functi o n , equal to 0. 08 (as i n BR W) and that g i v es u s as teady s tate
CN/Y rat i oo f 0. 2631 . In a mo del wit hh ouse hold pro duc t i on and go v ernmen t exp end iture,
GR W ( 1993 ) sel ected ￿ =0 :2 9a nd ￿ = 0 :32 whe n ma tc hi ngt he ra ti o of consumer durabl es pl us
resi den tial structures to output i nstead o f CN/ Y. Because t h e d i￿erenceb et w een t h e t w o v alu es
of ￿ app ears to b e signi ￿can t, w e wil l exami ne the sensi t i vi t y of the resul ts to v ar i at i onsi nt hi s
param e t eri n the ra n g e [ 0.0 0, 0. 40] .
T h e par ameters a and b are c hos e n so that hours w ork e d in the mar k et HM
ss
equal 0. 33 a nd
hours w or k ed at home HN
ss
equal 0 .25, whic h are the long r un v alue s for t h e US A. The v alu es
w e o bt ai n, a =0 :3 5 and b =0 :6 3, ar e simi lar t o those used i n BR W (19 91). Ho v ew er, b ec a us e
HN
ss
app ear st o v ary c o ns id er abl y across the ma jor 9 O EC D coun tr ie s ( see Bonk e( 1995 )), w e
wil l also stud y i f resul t s dep end o n the v alue of HN
ss
c hosen withi n the ra ng e[ 0 .00 ,0 . 36] , whi c h
i ncl udes the v al ue of 0. 12 estimated b yM R W( 1 9 93).
T he c ho ic e o f e , the par ameter descri bi ng the el as ti ci t yo f substi t ut io n be t w ee n househol d a nd
mar k et go o ds in t h e uti li t y functi o n , is more p r obl ematic sinc e emp iri cal e vid ence is con t ro v ersi al.
Re call t ha tt h e closer e is to z ero , the small er is the con t ri buti o no ft h e househol d pro ducti on3 THE CALI BR A TION AND THE SOLU TION OF THEM ODEL 9
sector to￿ uctuations i n t h e mark et e co n o m y( se e BR W ( 1991 )). Ei c hen b a u ma nd Hansen ( 199 0)
di ￿ e r e n t i at e servic es from mar k et (nond ura b le )g oods and fr om c o n sumer du r abl es ( whi c h t h ey
id en tify wi t h househol d prod uc t i on) a n d ￿nd t h a t, regar dl es so f the assumpti o ns made ,t he
t w o groups o f g o o d s are v ery cl o se subs ti t u t e s , a resu lt whi c h w ould suggest sett i ng e = 1.
BR W (1 991) use cross-secti o n data from the PSI D toe st im a te an equation rel a ti ng ther el at i v e

















They r e p ort a n estimate of e o fa b o u t 0 .6, a v alu e they b el ie v e und erestimat e s the true e
b ecause thep anel un derrep o rts l o w-w ag ew ork ers, whi c h are the gr oup with presumabl y a l o w er
rat i o of mar k et to h o u s e hold hours. M R W ( 1993 ) obtain a v alueo f e o f 0 .385 ( wi t h sta n dard
error o f 0 .14 5) estim atin g b y maxim um l i k e li ho o da mod el with househol d pro du ction and a
go v ernmen t sec t or. Fin a l l y , R up e r t,R og e r son a n d W ri g h t (19 95), usi ng PSI D dat a, o btai n
v al ues for e ranging fro m -0.0 65 f or sin g l e ma l es to 0. 355 for ma rrie d coupl es. Here, as in B R W
(1 991) , w e use a n in termedi ate v al ue amonge xi st i ng esti m ates (e=0.8 ) foro ur b e nc hmark case
and exp e r i men t wi t h v al ues int he range [ 0.0 , 1. 0] to examine ho w sen sitiv e t h e resu lts are to
v ari a ti o n s int hi sp a rameter.
T h is seto f param e t e r s yi el ds steady sta te v alu es fo r the consumption t o mar k et output rat i o
(CM /Y) and fo r the i n v estmen t to output rat i o (I/Y) of 0. 70 and 0 .29, resp ectiv el y . These v alu es
somewhate xceedt he m e a n rat i os fo r t h eU S( C M/Y=0.6 3 and I/Y= 0 .16 ) a n dt he r e ma i ni ng
la rgest 8 OECD coun trie s ( CM/Y=0.6 1a nd I/Y=0.2 6), but they are n o t to o far o￿ onc e w e
accoun t for t h ef a c tt ha t the mo d el a bs tractsf r om taxes, go v ernmen t exp end iture and detail s
rel a ted t o de preci a ti o nr a tes that w oul d a￿ect these ratios.
F or the share of i mp orts MS and the e lastici t yo fs u b s t it uti on o f Armi ngt on agg regato r ￿
￿1
w e use st and a rd v alu es suggested i n t he l iterat ur e . Empiric a l ly , MS v a ri es sub s tan tial ly across
coun tries, normall y b ei ng hi g h er for sm al le r coun trie s. Ra vn (1 993) rep o rts v alu es r angi ng from
0. 386 for Switzerl and to 0.0 77 for the U . S.. B KK ( 1992 )u s et w ov a lu e s ( 0.1 5a nd 0 . 3 0) as a
‘nor mal ’ and ‘larg e’ im po r t share. Here w es et MS =0 :2 25, whi c h i s the cross sec t io n a l a v erage
of the largest 9 O E CD co un t ri es for the b enc hmark case a nd c he c k the sensi t iv it yo ft h e resu lts
to v ariations of MS i n the range [0. 00, 0.50 ]3 THE CALI BR A TION AND THE SOLU TION OF THEM ODEL 10
V alue s for ￿
￿ 1
of 1-1. 5 ha v e be en gen era l l y used i n gene ra le quil i briu m mo del s of trade but
they a re b el i ev edt ob el o w er b ounds sin ce e st i ma teso ft h is elastic it y param e t e ra re do w n w ard
bi ased b ecause of l a rge measuremen t error s ( see W h a l l ey (1 985) ). Zimmermann (19 94)o bt ai ns
an expressio n fo r thi s e lastici t yi nh is mo del t h a t dep end s o n tari￿s, tr ansp o rtat i on cost s,i mp o rt
shares and t e r ms of trade. The cor resp ondi ng estimates for OECD coun tries he obtains ar e i n
ther ange [0 .6, 13 .5] , a v erag in g5 . 4. Because of the v a ri et yo fv a l ues, w e u se 1. 5 as in BKK ( 199 3)
for theb enc hmark c a se and analyz e t he se nsiti vit y of t h e r e sults t o c hanges in thi s p a rameter
i n the range [ 0, 5]. Notet h a t (1 1), to gether wi t h t h e imp or t share and the v alue o f ￿ c hosen,










(see e . g. BKK( 1 993 ), p. 92 ).
D ir ect est i mat i on o f thep ara meters of the pro du ctivit yp ro cess, i.e. t h e ma tric esC andV ,
i s not p os si ble giv en t h e lac k of t i me seri esd ata for househol d pro du ct i on v a ri a b le s . The r e f ore,
w e sel ect these param e t ers t o mo de l di ￿ eren t sce nar i os. I n theb en c hmar k case the sho c ks are
compl etely sym me t ri c across coun tr i es. Th e sta nd ar d devi at i on of the sho c ks is set to 0 .007 a n d
the p ersis ten ce p a rameter to 0 .83 5, w hi c h ar e a v erages of the e st i ma ted p e r si stence of ma rk et
tec hnol o gi cal sho c ks of the l a rgest 9 O EC D co u n t ri es, t he cross coun try correl a ti o no f the sho c ks
i s set t o 0.2 5a nd the spi ll o v er paramet e r be t w ee n the t w o mark et tec hn o lo g i cal sho c ks to 0.08 8 as
i nB KK (1 993 ). Sp il lo v ers be t w eent he t w o househ o l d t e c hn ologie s, whi c h coul d b e i n t er pr et ed
as \ fashi o n s" tra ns m i tt e d fr om one coun try tot he o ther, ar e s e t to z ero b ecause it i s not cl ear
i f this tra n sm i ssi o n w o u ld b e c o n tempo raneous or with som e l ag s.C ross-secto r-c r oss-coun try
spi ll o v ers as w e ll as in ter-sector-in tra-coun tr ys pi ll o v ers a re al so set to zero si ncet he sign and t h e
mag n itude of t h ese cro ss e￿ects is unkn o wn. G iv en the ar bi t r a r i t yo f t h e s e c ho ic e s , w ew i l l a l so
examin e the sensi tivi t yo ft h e resul t s to v ariations i n the p ers is t e nce pa rameter withi n the range
[0 .5, 1. 0] and oft h e s p ill o v er paramet er in t he range [ 0.0 0, 0.15 ]. Fin a lly ,w e need to sel ect t he
con temp ora ne o u s co rrel at io n o f t he h o u sehold and mark e t di st ur ba n ces withi n a coun try . Thi s
param et er m ea su r es t he t ec hnol o gi cal inc en tiv et os h if t e c o n o m i c a ct iv i t y across secto rs, s in ce
lo w er v a lu e s o ft he co rrel a ti o n gene r ate more frequ en t sector al pro du ctivi t yd i ￿ eren ti a ls . F o rt he
basi c e xp eri men t sw ec ho se a v alu e of 0 .66 as i n BR W( 1991 ). S uc ha v al ue is hi gh a n d l i mits
the con t ri buti o no ft he h o u sehold sec t or to t he d ynam i cs of the mo del . I n fa ct, MR W( 199 3)
obta in a ne s t i m ate of -0 .18 for t h is cor rel at io n , w hi c hg i v es greater i mp ort ance to the househol d
sector i n the mo del . Bec a us eo f thi s u ncerta in t yw ep e r form sensi t iv i t ya na ly s is t o i n v estigate3 THE CALI BR A TION AND THE SOLU TION OF THEM ODEL 11
ho w a l ternat iv es ettings of thi s par ameteri nt he range [-0. 2, 1. 0] in ￿uen ce the resu lts.
W i th t he se p a rametersw es t u dy t h r e e v ersi ons of t h em odel: o n e w h ere no h o u s eh olds ec t or
exis t s and the cycl e is driv en b y di sturbances to the mar k et t e c hnology , o n e wh ere b ot h sect ors
are presen ta nd h o u sehold pro duc t i on shoc ks are the sol e sourceo fd is t u rbance and a n o the r whe re
b o th t yp es of sho c ksd is place the economie s fro m t h ei rs t e a d y sta te. F o r eac h model sp ec i￿ ca ti on
w e consid er three su b cases (see App endi x): i n t h e ￿rst one( named S1) sho c ks are un co rrel at ed
acro ssc oun tri es a n d there are no domest ic or in ternational s p il lo v ers. Thi s set u p mimi cs a
si t uati o n where c o u n t ri es face i di osyncrat i c d isturbance s but mo v e to gether o v er the b usin ess
cycl e b ecause of tr ade in terdep end encie s. T h e second se t u p ( n a me dS 2) has c o rrel at ed sho c ks
and n o spi ll o v ers. Here w e t ryt om imi c a t ypi cal si tuat i on in OE C D c o u n t ri es where nat io ns
face som e wha tc ommo n di s turbanc es but t h ere is v ery l ittle e vide nce of lagg e d tr ansmi ssion of
these sho c ks. In t h e t h ird setup (named S3) w e consi der an econom y wi th cor rel at e d sho c ks
and sp il lo v ers, a scenario whi c h ma y reali sticall y r e s e m b le t h e economi c en vir o n m e n t of h ighl y
i n t egrat e d economi es l ik e the E EC.
Because t h ere are no d istor ti ng ta xe s o r ext e r n a l i t i es, co mp etiti v e all o cat i ons c a n b e com-
pu t ed via a restr i cted form u lation of the so ci al p lann er pro b le m and t e r mso f tra d e can b e
determi ned usi ng (11 ). T o ma k e t h ep r obl em st ationary w e￿ rstd etrend all v a ri abl es but hours
w o rk ed and l eisur ed ivi di ng the m b y the Hi c ks-n eutra l tec hnol o gi cal prog ress X
ht
. The sta ti o n -
arys ystemi s then s ol v ed fo r the steady st ate and the dynami cs in resp onse to the sho c ks are
cal cul a ted b y l og - li neariz in gt h e ￿ r st-orderc o n diti onsa ro u nd t h e steadys tat e .W ec onstruct
10 0s a mpl es o f9 6 p eri o ds (the n um b er of qua r t e r so fo u r d a t a) eac ht im e d r a wi ng sho c ks from
am ul t iv ariate n o rmal with c o v a ri a nc e matr ix eq u a l t o V for eac hm o d e l sp eci ￿c a ti o n . Eac h
sample is Ho dri c k-Prescot t ￿l tered, s tandard de viations and cross corr e lations are computed,
sta ti st ic s a r ea v erag ed o v er the 10 0 sample s a nd t he i m p o r tance of sampli ng v aria bi li t yi n t he
exp erimen ts i s assessed.I n a l l c a ses, t he s t a n dar de r ro rs for the momen ts of in terest are v ery
small ( of the or de r o f0 . 0 1-0. 02). Therefor et os a v e space, w eo n l yr e p ort the a v er age v al ue of
the stat i stics.4 THE RE SUL T S 12
4 The R esul ts
4.1 Som e Em piri ca l Ev ide n c e
In t h is su bsecti o n w e brie￿ yr ep ort a n d commen t on a set of s u mma ry stat i st i cs of the d a ta
whi c h w e wi ll u se to i nfo rmall y c o mparet he outcom e s of our si m ul at i ons( see Ca n o v a ( 199 4)
and K im and P agan (1 995) for a mo re f ormal app r oac h). I n Cano v a and Ub ide ( 1995 ) w e ha v e
pro vide d a mor e e xt e nsiv ed oc u men t ation and di scussi on o f the feat u r e s of in ternational b usin ess
cycle sf o r our d a ta set . F o r compl emen ta ry e￿o rts, see also Bac kusa nd K eho e (19 92) , Ra vn
(1 993) , Fiorito andK oll in tzas (1 994) .
Sinc et he mo del features t w oc oun trie s o f equal siz e, w e use quarterly s e a sonal ly a d j u st ed
fro m OECD M ai n Economic I ndi cat ors fo r U.S. andt he aggr e g ate Europ ean Comm un it y ( E.U. ),
constructed b y the O ECD , for the p eriod 197 0:1 to 19 93: 4. W e ha v ea ls o used as the sec o n d
coun try a w ei gh t e d a v era ge of Europ e , Canada and Australi a wi t h no evi den t c h a n g e in t h e
sta ti st i cso f in terest. In thi s l a tter case w e exp erimen ted w i th w eigh ts based on the ir share of
output and the ir share of tr ade and the resu lts are broa d ly in v a ri a n t to this c h o i ce ( see a l so
Cano v a and Marr in an (1 996) ). W e therefor e r e po rt resul ts whe r e the se cond ag gregat e i s t h e
Europe an C omm uni t y .
T o i s ol at e the cycl ic a l pro p erties of the data , w ef ol lo w the exi st i ng li tera turea nd use t h e
Ho dri c k andP resc o tt (HP) ￿lter with ￿ =1 6 00. Sev era l author s i nclu di ng C ano v a (1 993 ),
Ki ng a n d R eb elo ( 199 3),H ar v eya nd Jeager (19 93) and Co gl ey a nd Nason ( 199 5) h a v e not ed
that t hi s ￿l t er creat es di st ort i onsi n t h e compi l a ti o n of basi c stat i st i cs. Ho w ev er, b ecause our
ta sk is to measure the in cremen ta l exp lanato ryp o w er of a particu lar theoretical feat u re (i.e.
househ o l d pro duc t io n) o v er exi stin g sp e ci ￿cat io ns, here w ew ill r e s t r ic t a tten tion to thi s ￿l ter
onl y . U bi de ( 1 9 9 5 ) d oc um e n t e d the prop erti es of the dat aw he n a ls o li ne a r detrendi ng and ￿rst
order di ￿ eren ces are used. W ef o cu s o ne s t im a t es o f the sec o nd mom en t s of the data (sta n dard
devi at i ons and con temp ora n eous dom es t ic a n d in t ern a ti o na lc o r rel at io n s ) a nd w ea l s o rep o rt
thei r st and a rd erro rc o mpu t e d usi ng a Ne w ey a nd W est pro ce dure. Th e ￿rst t w o col umns of
ta bl e 1 s ho ws the p r op ert i es for t he t w oa g gregat es w ec o ns t ruc t ed .
Although w ew oul d ha v el i k ed to bui ld st ati s ti cs for to tal ( mark et a n d non-mark et )i n v est-
men ts, w ew ere unabl e t od o s ob e c a us e da ta for c o n sumer d ura b les, whic hw ould c losel y p r o xy4 THE RE SUL T S 13
the d e￿nit iono fh o u sehold capi t al w e ha v e giv en in the mo de l, ar e nota v a ila b le o n a consi s-
ten t basis fo r Euro pe an co u n t ri es. Th erefo re,w he nw er e f e r t o in v estmen t w em eang ross ￿xe d
priv ate i n v estmen t.
C onsu m p t i on, empl o yme n t , p r o d uctivit ya n d ne t exp orts a re le s s v ola t i le than output whi l e
i n v e s tmen t a n d t h e t e r mso f t rade (TOT) are substan t i all y mo re v olatil e i n b othc oun t ri es. Also,
as exp ected b ecause of the a v eraging, R O W aggr e g ates a re le ss v olatil e t h a n US agg re g ates
exce ptf or nete xp ort and TOT. Not e als ot hatp ro du ctivi t y , p r o xied here b y t h e Solo w resi dual s
of a m ark et pro du ction functi o n , i s l ess v ol a ti le than m ark et output. It i s w el l kno wn that su c h
a p r o xy ma yb ev ery p o or si nce i t tend s to ca pt ure facto rs ot h er than prod uc t i vi t y di s turbanc es
(see e.g. Ev ans (1 992) ).O ur m e a su r e has add iti o n a l probl emsb ecause it is al mo st imp oss i bl e,
giv en exi st i ng da ta, t o c o n sisten tly mea sur ei nputs across coun trie s (s e eC ano v a and Ubi de ( 199 5)
ford etail s). I n an y c a se , t h e fact that pro du ct i vi t y is less v ol at i le than m ark et output i ndi cates
that there m ust b e a ni n ternal mec hani sm a mpl i fying the siz e of the ￿uctuationsi mpin g i ng on
the e co n o m y . W e a l so w an t to dra w the atten t i on to t h e v a ri abil i t y of TOT i n b ot h coun tr i es:
the siz e o f thi s v a ri abil it y has b een a stum b li ng bl o c k for p r e vious mo del s o f the in ternational
bu s i ne s s cycl e: a l l mo del s, i n fact un derrepro duc e this m omen t b y a consi derabl e amo u n t .
All v a ri able s ar e pro cycl ic a l wi t h resp e ct t o outpu t w i th thee xcepti o n of net exp or tst o









, and in v estm e n t are p ositi v e ly correlated i n b oth coun tr i es ev en if the c o rrel a ti on
for US v ariabl es is surprisi ngly l o w for thi s d a tas et.I na ll ca se s, ho w ev er,t he co rrel a tio n i s
si g n i￿c a ti v e ly d i￿eren tf r om ze r o at the 1% con￿d ence lev el .
In ternat i onal como v emen ts in di ca te that al l v ari a bl e s p o si tiv el y com o v ea cr oss t he t w o coun -
tr i es, t ha t outpu t is l ess c o rrel at ed acro ss coun tr i es than pro ducti vit y or ma rk et hours, but i s
mor e correlated t ha n consumpti o na n di n v estmen t. Whil e t h e rel at iv e b eha vior of cross coun try
consumpti on and output correl a ti o ns h a v e recei v ed substa n ti a la tten t io n i n t h e lit er ature, t he
mag n itude and the sign o ft he cross-coun tr yi n v estmen tc o r r el a t i o n s co ns ti t ut e an i mp ort an t
regul a ri t y previ ously u nderemph a si zed b yt h el i t erature ( se e BKK (19 95)) .F or the l arg es t 9
OECD c o un t ri es the si ze o f pai r wi se in v estmen t correlation ranges b et w een [-0. 01, 0 .77 ]w it h t he
medi an v a lu e a r oun d 0. 45. A s u ccessful mo de l of the in ternational bu s in es s cycl e m ust therefore
b e able to rep r o d uce thi s i mp ort an t feat ur eo f t h e data i n add iti o nt o standard ones.4 THE RE SUL T S 14
4.2 Si m u l ation R esults
The resul t so ft he si m u lation exerci ses when thet w o coun tr i es a re id en tical are i n t h e l as t eigh t
col umns of T abl e 1. When there a re o n ly househol d di sturbances exp eri men ts S2 andS 3a re
id en tic a l ( the i n t e r c o u n t ry spil lo v ers o f househ o l d di st ur bances is zero) and w e onlyr ep o rto n e
of t h em. T h ed yn a mi c resp o n s e of v ariabl es of the system i s presen tedi nF ig u r e 1 .
4.2. 1 A M o del witho ut th eH ousehold Sect or
Column s 3-4 of T a b le 1 (lab ell edB enc hmark) p r e sen t stat i stics for a mo de l whe r e the househol d
sector i s absen t a n d ￿uc t u a tio n s are dri v en b y di st ur ba nc es to the mark et tec hn o lo gy andt h e
￿rst p a n el of Fi g u r e 1 s h o ws t he d ynam i cs fo llo wi ng the sho c k. This mo del s p eci ￿cati o n , whi c h
is nested i n our g en era l setup b y si mply se t ti ng e = ￿ = 0 ( se eB R W(1 991) ), is standard and w e
onl y use i t to compar e the i m p r o v emen ts obta i ned wi t h al t e r n a ti v e sp eci ￿cat i ons. The mo del
w o rksw el l a l ong man y di mensi ons but , co n sisten t wi t h previ o u s ￿nd in g s ( see BK K (19 95) ),
there are a t l ea st threea sp ec t s of t he dat a whic h a re mi sm atc hed , regar d less of t h ee xp e r i men t
consi dered.F irst, ne t exp o rts a n d TO T do not ￿u ctuat e en o u g h. Se cond, co n sumption i s more
correlated t h a n output a cross c o u n t ri es, whil e in the dat at h e opp osite is t rue . Thi rd, in v estmen t
i s ne g ativ el yc or rel at e d a cross co u n t rie sw hi le in the data, it is p osit iv el ya nd si g n i￿ ca n tl y
correlated. In j u dgin g the i mpro v emen ts pro duce d b y a d di ngh o u sehold pro ducti o n to t h e mo del
w e wil l fo cus pri ma ri ly o n t h ese three a sp ects of t h ed ata
1
.
4.2. 2 AM o del with Disturbanc es to Hous ehol d T ec hnol ogy
The resul t so bt ai ned when b o th secto rs a re presen t b u t o n ly ho u sehold pro du ctiond i s turbanc es
hi t the econom y are di spla y ed i n colu mns 6 and 7 of t abl e 1 ( l ab el l ed \Ho u sehold Sho c ks") .T h e
second panel of ￿gure 1 sho w st he dynami cs in duce d b y these s hoc ks.
As exp ected, the mo d el generat es h ig h er rel a ti v ev a ri a bi lit yi n d om es t ic co n sumption a nd
in v es tmen t rel a ti v et o the b enc hmark case si nce agen ts ca nn o ws u b s t it u t e bo t h in t ratemp orall y
1
The statis t ic s w e present here a re sl i gh tl y di ￿ eren t from th ose o f B KK (1995, tabl e 11 . 8 p.351) due to di ￿ere n t
v al ues for the util i t y pa rameters (h ere ￿ =1 w h i l e f or them ￿ =2 a n d w e cal i brate steady state h ours wh il e they
cal i brate t he pr e f e rence p arameter), the l ac k o f time to b ui ld , and a d i￿ eren t share of i mp orts to GD P (h ere
MS =0 :225 whi le for th em MS =0 :15). T he qu a lit at i v e features w e emp has ize, ho w ev er, are in dep en den to f t h e
exa ct p arametri zati on c ho sen.4 THE RE SUL T S 15
and i n tert empo r al ly . The r e lativ e v a ri abil it y of ma rk et hours a n d in v estmen t t o output i s s i mi lar
to the o n e i n t h e d a ta, whil e the r e lativ e v ariabi li t y of consu m p t i on is t wic ea sl arg e . Note that
in v e s tmen ts v ary more t h a n in t h eb en c hma rk case, b e causei ts com p ositi o n among sec t ors
￿u ct u a tes sub st an tial ly o v e r thec ycle .T he v olatil it y of n et expo rt si s consi st en t wi t h thea ctual
v al ues whi l e the v ola ti li t y of TOT is l o w and compar able to the one obt ai ned in the be nc hmark
case. T o see wh y thi s happ ens, recall from ( 11) t h a t the v ariabil i t y o f TO T is rel at e d to t h e
v ari a bi li t y of t h e i mp ort rat i o. F o rt he expe ri men ts w e h a v e conduc t edt he v ari a b il it y of t h e
i mp ort ra ti o i s app ro xim atel y 10 t i mes sm al le r than it is i n t he d a ta. W e conjec t u r et hat thi s
has to d ow it ht h e fact t hat the t w o coun tr i es are i den tic a l so t h a t the im po rt ratio i s close to
1 in ev ery p erio d. V a ryi ng co un t ry si ze ma k es thi s ratio slig h t l y mo re v olatil e, butn ot en ough
to m atc h the actual one.
As in t h e b en c hmar k c a se t he mo delg e nerat es v ery h igh domesticc or rel at i ons of ma rk et
hours and consumptio n with outpu t w h il e the corr el ation of i n v est me n t a nd pro du ct i vi t y wi th
output drops. T h is pat tern o f d o me s ti cc o rrel a ti o n s i s easil y accoun ted for b y examin in g t h e
i mpul se resp onses: a p o sit i v e sho c k to the househ o l d tec hnol o gy c hanges the wi ll in g n ess to
w o rk in the mark et for a giv en w a ge, sh ifts thel ab o r suppl y c urv e , lo w e r sm a rk et c o n s u mption,
mar k et hours, mar k et in v estmen tsa nd mark et output whi le r ais in g to tal i n v est men t. Suc h a
di st u rbance therefore mi mics a n eg ativ e t aste shoc k and i nd uces a \recessio n" in t he ma rk et
sector. When the sho c k d ies out to tal in v est me n t smo ot h ly returns to it s st eady stat e a n d
mar k et consumptio n, m ark et ho ur s, mark e t i n v es t men ta nd ma rk et o u t p ut mo v et og et he rt ot he
steady sta te from b el o w .
Net e xp ort s i s l ess negat iv el y c o rrel a t e dw i t ho ut p ut rel at iv et ot h eb e n c kma rk case b ec a us e
exp o rts and imp o rts are asyncronous whe n househ o l d pro ducti o n sho c ks dri v e the cycl e. Note
that with c o rrel at eds h o c ks the correlation o fn e t exp ort s wi th output d ro ps t o -0 .16. Fin a lly ,t he
sa vi ng i n v est me n tc o rrela t i o ni sp o si tiv e and si g ni ￿ ca n t, i n agreemen t with Baxt era n d Cruci ni
(1 993) ,e v en w h en there a re n o direc t c r oss coun try spi ll o v ers.
All exp e r im e n ts gen era te cross coun try consumption correlati o ns whi c ha r ei nt h er a nge of
v al ues found i n the data and are substan t ia l ly l o w e r than output cor rel at i ons. The mec hani sm
b ehi nd this fact c a n b e easil y di s co v ered fro mt h ei m pu ls e r es p onses: a s hoc k to househol d
pro du ct i o ni sa s h o c kt o a non-tra de d g o o d sec t or. Therefore, w hi le t h ere are substa n ti a la d-4 THE RE SUL T S 16
justmen t s in thec onsumpti o n bu ndl e ofd o mesti c agen ts, t hi s need not be thec ase i n t h e
consumpti on bundl eo ff orei g n agen ts i f t h e househol dg o o d c o n s ti t u t e s a signi￿ can t sh a re of
thei r consumpti o n . Thi s ma k est he cross coun try corr e lation o f m ark et consumpti o n drop rela -
tiv et ot he benc kma rk case ev e n w h en t h ec or rel at i on o f mar k et o ut pu ti ncreases. Th is mo del
sp e ci￿ cat i on, ho w ev er,f ai ls to d eli v er t he p ositiv ec o mo v e m e n t s of in v estmen tw es ee i n t h e dat a.
Re call that a p o si tiv e sho c kt ot he h o u sehold tec hnol og y r ais es tot al i n v e st men t and causesa fall
i n a l l mark et v ari a b les. In the foreignc oun try su c h a di st u r b a n cem a k es to tal i n v e st men t drop
substan t i all y a l ong wit h al l mar k et v ariabl es a s t h e" n eg ativ e" sho c k i s t ransmi t ted fro m the do-
mestic co un t ry . W h en the e￿ects of thes ho c k di es o u t , the reco v e r y wi ll be v ery simi l a r i n b oth
coun tries. Th us, a p ositi v e ho us ehold pro ducti o n di s turbanc e generat e s unsyncroniz ed co mo v e -
men ts in the consu m p t i on of the mark e t go o d andn egat i v e como v emen ts o f mar k et in v estmen t
acro ss c o u n t ri es bu t h ighl y p o sit i v el y corr e lated como v emen ts i n hours and o u t p uts .
It is i mp orta n t to st ress that t h e ma i n c h a n nel of r e a l l o ca ti o n of dom e st i c resources h ere
i s b et w e en consu m p t i on and hours in t h eh ouseh o l d and ma rk et sector a n d not b e t w een c o n -
sumpti o n a nd in v estmen t as i n t h e b e nc hmar k mo de l. Al so, t h e t ransmi ss i on of s h o c ks across
coun tries o ccur s b oth v i a trade in consumptio n and i n v e s tmen t go o ds. Cano v a and Ma rri nan
(1 996) sho w that in a mo del w i th m u lti ple go o ds and sho c kst oe it her the ma rk et t e c h nology
or go v e r n men t e xp endi ture the transmissi o n o f shoc ks vi a trade i n consumpti o n g o o ds i s min o r.
Ou rr es ul ts suggest t h a t when househ o l dd isturbances driv e the cycl e, t h e opp osi t e ma y o cc ur.
Ins um, the prop e r tie so ft he mo del a re fa i rly robusta crosse xp erimen ts. Co n trar y to mo dels
without the househ o l d sector, the c urr en t framew ork can pro duc e a reasonabl e v ol a ti li t y for net
exp o rt andi n ternational consumpti on and o ut pu t c o r rel ations whi c ha re closer to the a ctual
ones. Ho w ev er , it sti ll fail s to repl i ca te t h es i g no f i n v estmen t corr el a t ions a nd t h e s iz e o ft he




T os e ewhat i s the e￿ect of ha vi ng a d e etermi ni sti c hou sehol d p ro duc t i on sector, w ea l s oc o n d u c ted an
exp eri men t wi th determi ni stic ho useho ld pr o duc t io n a nd s t oc has tic mark et tec hno lo gy di sturban ces. T he r es u lt s
are co n tai ned i n a n app end ix av a il a bl e upo n r e q u e st . O v eral l , th e dyn amics of th e mo del are very si mil ar to th e
case wi th on ly m ar k et tec hn olo gy di sturb ances . The ma jor d i￿ erence i s that th e mo del dsp lays p o siti v e cros s
cou n try i n v es t me n t correl ati ons. Thi s o ccu rs b eca use b oth i n v es tmen ts resp ond p osi ti v el y , al thoug h with a l ag,
to mark et tec hn ol ogy di stu rbanc es.4 THE RE SUL T S 17
4.3 A Mo d e l wi th Di s t u r b ance s to Mark eta nd Household T e c hnol og i es
The presen ce o f di st urb a n ces to b ot h sec t ors im pro v es o v er previous resul t s (summa ry st atisti cs
are i n the l ast t hreec olum ns of t abl e 3 ). The standard de viations of mark e t co n sumption a n d
mar k et hours are lo w e r t han in thec a se w h ere onl y household shoc ks dri v e t he cycl e, a re at
reali stic lev el s and n et exp orts di s p la yt he de sired v ol a ti li t y . W ea lso￿ n d hi gh p o si tiv e d o mesti c
correlations of consum pt i on, hours, p r o d uctivit ya nd i n v estmen t with o u t pu tb ut, qu a n ti t ativ el y ,
the correl a ti o n s a re red uced r e lativ e to t h e b e nc hmar k model. The r e is al o some i mpro v emen ts
i n the cyc li cal prop e r ti es of t rade v ariable s: net e xp ort s i s stil l coun tercycl i cal but its c o rrel a tio n
with o u t pu t is clo sert o those found i n the actuald at a.
T h e mo ste vid en t i mpro v emen t o v er previ o u s sp eci ￿cations app ear si n in ternational c o mo v e -
men ts. The mo del is stil la b le to r e pro duce the high sa vin g -i n v estm e n t correl a tio na nd t h e
output-consumpti on rel at i onshi p but, wi t h sp eci ￿cations S2 and S 3 , it al so pro du ces p osi t i v e
cross-coun tr y co rrel at i onso f in v estmen ts.
T o u ndersta n d wh yt h is o cc urs it is u seful to examin e t h e dynami cs o f thi s v ers i on of t h e
mo del (ri g h t pa n el of ￿ g ure 1) . P ositi v e sho c ks t o b oth d o mesti ct ec hn o l og i es resul t in a transfer
of resource s to t he p ro ducti o n of t h e in v estmen t gooda nd the house hold go o d, wi t h as ubse -
quen td ropo fd omest i c mark e t c o n s um ption. In the forei g n coun t ry suc h ac o m bi nation of
sho c ks causes a n ini tialt r ansfer of i n v e s tmen t resourcest o t h e domestic co u n t ry ,a de crease
i n the pro d uction of the househol d g o o d and an in crea se i n t h e c o n sumptiono ft he ma rk et
go od .D ep endi ng o n the corr el ationa nd spil l o v er of shoc ks,t hese mo v eme n t s ma y b e mor eo r
l ess p ersisten tb u te v en in the ca se of pu r el y i di o s y ncratic sho c ks (case S 1 ), t he cr oss-coun try
correlation o f consu mpt io ni sl o w.
If no house hold sector w as prese n t sho c ks t om ark et tec hn o lo g yw o u ld pro du ce sma l l cross
coun try outpu t correl a ti o n s b ecausei n v est men t and hours mo v ei no p p osite di recti o n s i n the t w o
coun tries ( see le f tp a ne l of ￿gure 1 ). When a househol d sector is p r es e n t t h is feature di sapp e a rs.
Do me s ti call y , the in iti a lr i s ei nm a r k et h o u r s a nd o u t p ut d u e t o s hoc ks to the mar k et t ec h nology
i s temp ered b y the de creas ei n m a r k et h o ur s and outpu t created b y sho c ks to the househol d
tec hnol o gy . In the forei g n coun t ry the i ncrease i n mark e t hours and outpu t du e to d o mesti c
househ o l d pro du ction sho c ks excee ds t h e decrease i n ma rk et hours due to d o mesti c ma rk et
pro du ct i on sho c ks. Therefore, o ut pu t a n d hours across coun tr ie s w il l t r a c ke a c ho the r b etter.5 SENSI TIVI TY ANAL YSI S 18
W h en there is ah ouse hold secto r i n t he econom yt h ere wi ll also b e an i ni tial in creas e i n
i n v e s tmen t in theh omec oun try b ut d i￿erence s across co u n t ri es w i l l b e s mal le rr el a ti v e to t h e
t w op revi ous c a se s b e cause ther el a ti v e c hanges in mar k etp ro ducti vit y across coun triesw il l b e
small er.H en ce, a fter a few p eri o ds bo th in v est me n t p a ths smo ot h ly con v erge to the ir steady
sta te from ab o v e a n dt hi si n duces p ositi v e cro ss co un t ry i n v est men t correl a tio ns .
T h em o d el stil l fail s i n repli ca ti ng the v o l at i l it y of thet erms of tra d e. Sto c kma n and T esar
(1 994)s ho wt hat when b ot h tec hnol o gy andt aste sho c ks are p r e sen ti na mo del with non tradabl e
go o ds, term s o f t rade v ariabi l it y i s m u c h l ar ger thant h e one g e nerat e d b y thi s mo del . T w o
ca v e a tsa re ho w ev er nece ssa ry to compare our resul ts and t h eirs. First,t erms of tr ade v ari a bi l it y
i s1 0 ti mes highe r i n t h eir mo delr elativ e ours ev en when only tec hn o l og y di sturbancesa re
presen t. Se co n d, the di st u r b a n ces hi t ti ngt hei r econom y ha v e a v a ri a b ilit y whic h i s substan ti all y
l a rger than ours and are asymmetr i c across sector s.
In concl usion, i n a greemen t wi th Sto c kman and T esar ( 1994 ), w e ￿n d that a mo del wi th
\suppl y"a nd \demand" sho c ks i s b o th qua l i t ativ el y and quan titativ el y sup e r i or t o one wh ere
onl y \ sup pl y" d isturbances e xist, i n t h e sense that it repl ic a tes features o f the d a ta t h a t previ ous
mo del s w ere unabl e to generate whi le m ai n ta in i ng a g o o d ￿t along sta n dard di mensi o n s.
5 Sensi ti vi t y An al ysis
In t hi ss ec t i on w e in v estigate whethert he i n t ro du ction of as ymmetri es in t h e pro cesses for t h e
tec hnol o gi cal d isturbances a l ter o u r ba si c c o nc lu sions. In add iti o n, w e expl or et he ro bu st n ess
of t he o ut co mes wi t hr es p ect to c ha ng es in t h e pa rameters d escri bing t h e ho u sehold secto r,
the sto c hast ic pr o c ess fo rt e c hn o l ogical di st ur ba n ces and the exten to f forei g nt rade. W ef ocu s
at ten ti o no n the v olatil i t y of terms o ft rade and net exp or ts and t h e cross-coun tr yc o r rel at i ons of
output, consumpti o na nd i n v estmen t .O t he r stat is t ics are bro adl y in sensi t iv et oc hanges in t he se
param et ers and a re the r ef ore ne g l ected in t h is secti o n. I n all cases the remai ni ng par ameters
are thos eo f t h e mo del with b ot h househol d and m ark et di st urb a nc e s .
5.1 Asym m et rie si nt he D i sturba nce s
W eh a v e cond ucted sev era le x p e r i men ts wi t h asymmetr ic d is t ur ba nc e s ( see Cano v a and Ub id e
(1 995) for deta ils ) .I n g en era l, c hanges rel at iv et o the symmetr i c case are min o ra n d ,i fa n yt h ing,5 SENSI TIVI TY ANAL YSI S 19
the p erfo rmanceo f the m o d el w orsens i ns omeo ft h e cases. The most i n teresting outcomes are
obta i ned whe n t h erea re one-w a y spi ll o v ers fro m t h ed om e st i c ma rk et t ec h nology to the d o mesti c
househ o l d tec hn o l og y andt ot he forei g n ma rk et tec hnolo gy (see the app end ix for t h e exact
sp e ci￿c at io n of the pro cess for dis t u rbances). Thi s case mi mic ksa situation w h ere coun try
one is larger or morei n￿ uen tial than t he other andi t s mar k et se ct or is substa n ti a l ly more
im po rt an t than i t s househ o ld sector. Three outcomes nee dt ob en o ted. First, the ri sk sha ri ng
prop e r tie so ft he mo del ar e a￿ected.W it ho ne -w a y spil l o v ers o u t pu tc ha ng es are asy mmetri c
and thi s red uces in ternational o u t pu t correl a ti o n sb el o w in ternational consu mpt i on corr e lations.
F or the sa me reaso n cross coun try i n v est men t cor re lations t u r n ne g ativ e and s i gni ￿can tly so i n
these e xp eri men t s. Sec o n d, thev a ri a b il i t y of t h e termso ft ra d e i s sli gh t l y l a rgerw itho ne -w a y
spi ll o v ers, butc hanges ar e sm al l. Third , thes a vin g s-i n v estm e n t correl a ti o n sl i g h tl y decreases i n
coun try one (the l arg er), and slig h t l y rise s in coun try t w o . Although t he mag ni tude o f t h e e￿ect
i s sma l l , i t g o e s a gain st t he exi st i ng empi ric a l evi den ce (see e . g. Ba xter and Cr u cin i ( 199 3)) . On e
reaso n f or t h is outcome is that asymmetr i c spi l lo v e r s create a w edgeb et w een d o me s ti c sa vi ngs
and i n v est me n t : domestici n v estm e n t d o es not b en e￿t an ymore from t he in duce d in crease i n
for e ign in v estmen t b e cause of asymmetr i es w h il e dom e st i c sa vin g s in herits the prop e r ti es of
output (a n d consump t i on) w h ic ha re o n ly mi ld ly a￿ected b y t hep resenc e of as ymmetri es.
5.2 H ou se hold Sec torP aram e ter s
Figure 2 gr aph ical ly d ispl a ysh o w basic s tatistic s c h a n g e ford i ￿ eren t v al ues of t h ee la stic it y
of substi t uti o n b e t w eenm ark et and house hold g o o d s ( e) , the capi t al share i n the househol d
pro du ct io n f u nction (SKN), steady stat e hours in the househol d tec hn o l ogy (HN) and t he co n-
temp oraneous correlationo f mark et a nd househ o ld di s t urbances ( CNM) .
T h e e lastici t yo fs u b s t i tution bet w een mar k et a nd ho u sehold go o ds measures the wi ll in g ne ss
of ag en t st om o v e reso u rces across sector s: the cl o se r is e to 1 ,t h e g reater i s the l ev el of
substi t ut a b ili t y .T he v o la t ili t ie s o f m ark et v ariabl es (excep t i n v est me n t ) remain s tabl e for v alu es
of e up t o 0.9 b ut ra i se dramat i call y as e app r oac hes 1. Suc ha n in creas e is d ue to the more
frequen tt r ansfer of r es o ur ce s a cr oss sector s w h ile t h e reduc t io n i n t he v ol a ti li t yo fi n v estmen t
i s due t o the al rea d y di scussed s tabi li zi ng e￿ect that h o u sehold pro ducti on has on thi s v ariabl e.
F or lo wv al ues o f e t he i n terna ti onal in v estmen t correlation i s ab out 0 .5. As e in cr ea ses, t he5 SENSI TIVI TY ANAL YSI S 20
i nst an taneous resp onse of in v estmen tt oa ho us ehold p r o d uction sh oc ki sl arger, t he co n v ergenc e
to t h e steady state sl o w er and t h is lo w ers in v estmen t corr e lations w h ic h turn ne g ativ e fo r v alu es
of e close t o one . Cross - coun t ry consumption corr e lations a ren on-monot oni call y rel ated to
the el ast i ci t y of substituti o n . F ors mall v a l ue s o f e, consumpti o n cor rel at i ons are hi g h , asi n
the b enc hmark mo del. When t h e substi t u t i on e￿ectd omin at es t he di v e r gen ces ofc onsumpti on
paths acros s coun t ri es b ecomes la rger and t h e cross coun tr yc or rel at i on d ecreases. Ho w ev er , for
v ery h ighl ev el s of e, t h e c o rrel a ti on ri sesa gain . The com bi ned e￿ect of sho c ks on consumpti on
and i n v estm e n t mak es the c r oss coun try corr e lationso f outputs co v ary p osi t i v elyw i th e.
T h e capital share in h o u sehold p r o d uctionf unc t i on determin es ther el at i v e con t ri bution of
empl o ymen t a n d capital ￿u ct ua ti o n s to output ￿uctuations: as t hi s shar e i ncreasese mplo ymen t
￿u ct u a ti o n s con tr i bu t e le ss to out p ut v a ria bi l i t y and ￿u ct u a ti o n s of capit a l across sectors acqui re
a do mi nan t rol e. I ncreasi ng S KN reduc es t he v ol a ti li t y of i n v estm e n t si nce sho c ks that reall o cate
resources b e t w een in v e s tmen t a n d consumpti o n wil l also g e nera te a hi g h er n eedf or capi ta l i n
the househ o l d sec t or. Ho w ev er, c h a n g es i n the v olatil i t i es of net exp orts a nd TOT a re smal l.
Disturbance s that real loc ate r e so u r c es b et w een c o n s um ption and in v estmen t wi ll a ls o mak e
cross co u n t ry in v e st men t corr e lations hig her sin ce i n v e s tmen t pat h s w i ll b e mo re si mil ar. As t h e
share of capital i ncreases, foreig n i n v e st men t decreasesm orea n d mark et consumpti on de creases
(in crea se s) m ore in t h e h o me ( forei g n ) coun tr y so t h a t c r oss c o u n try c o n s u mpt i on c o rrel at i ons
arel o w er.F i nal ly , c hanges in thi sp a rameter ha v e almost no e￿ectso nc ross co u n t ry output
correlations.
Increasi ng steady st ate h o ur s dev ot ed t o ho u sehold activi tie s shoul d ha v e appro xi mat el y t h e
same e￿ecto f in crea si ng t he share o fc a pital i n the househ o ld t ec hnology si nce i n b ot h cases t he
im po r t ance of the h o u sehold sector in the econom y inc r ea se s . As e xp ected , t he m o r e im po r t an t
the househol d s ec t o r is, t he lo w er is t he v ol a ti li t yo f i n v es t men tw hi le n o c ha n g es are e vide n ti n
the v o la t i l iti es o fo t he rv ar i a b l e s ,i np a rtic ular net exp orts and TO T . The qual itat iv ep a t tern of
in t ern a ti o na l como v emen ts remain s r obu st to c hanges i n thi s para meter. Qu a n ti t ativ el y ,a st he
im po r t ance o f the house hold sec t or in creases, c r oss-coun try in v estmen ta nd o ut pu t co rrel at i ons
i ncrease and c r oss-coun try consump t i on corr e lations d ecrease.
T he co n temp o raneous corr e lation of mark et and househol d disturbance s i s a measure of t he
tec hnol o gi cal i ncen ti v e to shi ft resources acro ss sector s. The hi gher t he c o rrel a ti o n i s, the l o w er5 SENSI TIVI TY ANAL YSI S 21
i s the in cen tiv et o shi f t reso u r c es across sect ors, and hen ce, t h e l o w er is t h e i mp orta n ce of t h e
househ o l d sectori nt he ec onom y . T h e resul t s oft he se exp erimen ts con￿rm previo us o u t comes:
them ore i mp orta n t the househol ds ec t or i s, the smal leri st he v o l at i l it y of in v estmen ta nd t h e
l a rgeri st he v ol a ti li t y of mark e tv ariabl es. In addi t i on, lo w or ne ga ti v e v a l ues of thi s c o rrela ti on
pro du ce hi gher cross-coun try cor rel at i ons of all v ari a b les but consumpti o n .
In concl us io n, r e s u lts are ro b ust toc hanges in t h e para me t ers of t h eh ouseh o l d sec t or withi n a
reaso n a b le range. O nlyw he n the el a sti ci t y of su bst it ution b et w een m ark et a n d househol d go o ds
approa c h es one i s the rel a ti v e orderin go fc r oss coun t ry consumptio na nd output c o rrel at i ons
altered and the cros s coun tryc o rrel a ti on of in v estmen tt urns negat i v e. Al so , the v o la t i li t y of net
exp o rt a n d TO Ta pp ea rs t o b e sto n g l y in sensit iv e to the si ze o f these para meters. I n g e neral,
them or e imp o rtan t the house holds ec t or is, the more sa ti sf actory i s the p e r formance of t h e
mo del along the dimen sions of i n t e r e st .
5.3 T ec hnologi cal Di sturba nce s
Bec a u se t h e st o c hastic p r o c ess fo r tec hnol o gi cald i sturbances i s not tie d do wnt o t h e dat a w e
examin et he ro b ustness of the resu ltst ov a ri a ti o n s in p ersistenc ea nd i n the con temp ora n eous
spi ll o v er p a rameters. Th er esul t s of the i n v estigat io na re rep o rted graphi cally in ￿gure 3 .
M ore p e r si sten ts ho c ks i ncrease the v o l at ilit y o f mark et v ari a b les, in cl udi ng net exp ort a n d
TOT, ev en though, relativ ely sp eak i ng, c hanges in the la t ter are sma l l . Also, the r e is an o n -
l in ea r e￿ ec t o n the c r ossc o u n t ry outpu ta n d i n v e st men t c o rrel a ti o n s: on one hand, wi th more
p ers i sten t s hoc ks i t t ak es mo re time to com p ensate the pro duc t iv it yd i ￿ eren ti a l s in duce d b y
id io sync r atic di st ur b a n ces and thi s lo w er si n ternational corr e lations. O n the ot h er, when sho c ks
be come mor e p ers i sten t the i ncome e￿ e ct dominates and b oth outpu t a nd in v est men tc o rrel at i ons
i ncrease d ra matical ly .C r oss co un t ry consumption correlations ar eu n a ￿ected b yc ha ng es i n this
param et er.
V olatil i t y meas ur e s are essen ti a l ly u naltered b yc hanges in the spi l lo v er p a rameters. In terna-
tional correl a ti o ns , ho w ev er, c ha ng e. Whe n no spi l lo v er sa r e p r es e n t ,ad i s turbanc e to househol d
pro du ct i on causes dom es t i c mark et co n sumption to dec r ea se w h il e house hold consumption a nd
in v es tmen t i ncrease. The opp osite o cc urs in t he f o r e ign coun try .W i t h large spi ll o v ers consump -5 SENSI TIVI TY ANAL YSI S 22
tion paths a c r oss coun tr i es t rac k eac ho ther mor e cl osel y b ecause the in itia l drop in d o mesti c
consumpti on, i ndu cedb ys ector al pro ducti vit y di￿eren tial s, i s shor t li v ed.T he e￿ect o n i n v est-
men t is t he o p p osi t e a n d for hi gher v alue s o f sp il lo v er para meter the c o rrel at i on acro ss co un t ri es
b ecomes negat i v e as in t h e b e nc hmar km odel. The cro ss coun try corr e lation of outputs, o n t h e
ot h er hand, i s non-monot oni cal ly rel at e d to t he con t em p ora n eo u s spi ll o v er paramet e r .
Hence , the quali tat i v e pro pe rt ie s of the mo de l are inse nsiti v e to al ternat i v e s p eci ￿cations of
the stoc ha stic pro cess fo r tec hnol o gic al di st u rbances and only extremev al ues of the p ersistence
param e t er (grea ter than 0.9 ) or t he con t e m p or ane o u ss pil l o v er para me t ers (gr e a ter than 0. 1)
alter the qu a l i t ativ e fe a tures of ther esul ts.
5.4 T rade P ara m ete rs
Fin a l ly ,w ee xamin e whe t h er resul tsd ep en d o n alternativ e sett i ngso ft h e imp o rt sh a re (M S )
and of the elastic it y of substituti o n b et w e en l o cal a n di mp ort e d go o ds i n the pro ducti o n of t h e
￿n a l mar k et good (￿
￿ 1
) . The r e sultsa re gra p hic a l l y rep ort e d i n ￿gure 3.
V ar i at i ons i n M S h a v e n o s i gni ￿can t e￿ect on the v ol at i li tie so f ma rk et v a ri a b les, sugg e s ti ng
that t he ampli tudeo ft he cycl e d o es not signi ￿can tly dep end o n t rade, b ut g e nerat e signi ￿can t
e￿ects o n t h e v o l at i l it y of i n v estm e n t and imp o rts. As the s h a re o f im po rt s i ncreases, t h e
i ncrease in i n v estmen t foll o w i ng p osi t i v e t e c h nology disturbanc es b ecomes l a rger sin ce it i s easi er
to i mp ortc apit a l go o ds. A s a conseque nce, t hev ol a ti li t y of n et e xp orta lsoi n creases. F rom
￿gure 3 i t i s c le a r t h a t t h is in crease i s mo re mar k ed for MS la rg er than 0 .25 . The v ol at il it yo f
TOT i s alsom onot oni cally rel at ed to thei mp o rt share in creasi ng w h enM S i ncreases,b u t e v e n
in t h e ex t reme c a se o f MS =0 :45 , the v ol a ti li t yo fT O Ti so n l yt o0 . 4 .
In ternat i onal com o v emen ts ar e also a￿ected b yt h e de g ree of op en ness of the coun tr ie s.
In creasing the imp or ts h a re a ￿ects the cro ss-coun try correl a ti o no f i n v estmen t whi c hb e c omes
negativ ef o r MS gr ea ter than 0. 25. The cross-coun try cor rel at io n of outpu t i s p ositi v ely rel at ed
to t he im p ort sh a re, rev eali ng the fact that ev en though trade ma y n o t be a d e c is iv ef a ct or for t he
ampli tude of cycl es it is i m p ort an t for t he ir in ternational t ransmissi on. S imi larly , b ecause tra de
is m a in ly in c a p it al go o ds, cro ss c o un t ry consu m pt i on correlati o ns decrease as MS in creas es .
F i nall y ,v ari a ti o n s i n the i mp ort share h a v es ome e￿ects on t w oo t h er correlations of i n t er es t.
The correlation b et w een the terms of t rade and net exp orts d ispl a ys the S-c urv e prop ert y not ed6 CONCL USIO NS 23
b y B KK (1 995 ) fo rv alu es of the i m p ort shar e in the range 0.1 0-0.3 5. F or v alu es o f M S exc eedi ng
0. 35 a n app r o xi m atet en t - s h a p e b e ha vi or app ears. Thes a vin g s-i n v estmen t correl a ti o n i s a l so
a￿ ec t e d b y v ar i at i ons i n t h ei mp ort shar e : the l ar ger isM S, thel e ss dep end en t a coun tryi so n
domesticr esources, so that the correlation b et w een domestic sa vingsa nd domest i c in v estmen t
dec r e a se s (do wn t o 0.5i nt he case of M S =0. 45) . Becausee mpiri call y the i mp ort sharei s in v ersel y
rela ted t o the s i ze o f the coun tr y , our resul t s su pp ort t h eo bserv ation t h a t the sa vin g sa nd
i n v e s tmen tc orrelation is h igher for larger coun tries.
BKK (19 93) sho w that t hem agni t u de of ￿
￿1
has i mp ort an t e￿ e ct s upo n t h e co mo v emen t s of
net e xp ort s and t h e terms of t rade i n s tandard mo de ls. Ou r exp e r i men tsi ndi cat e t h a t v a ri at i ons
oft he el a sti cit y of sub st it ution in the ￿nal mar k et goodt ec hnol o gy o v er the ra n g e [0 ,5 ]h a v e no
e￿ects on t h e main qu a l i t ativ e pro p ertie s of the mo del . As w e i ncrease t h ec o mp lemen tarit y of
theg o o d s , t h e v olatil i t y of t he terms of tra d e i ncreases b ut not su￿ci en tl y to pro duc e v a l ues i n
the r ange of those observ ed in actual data . Al so , t he v olatil i t y of net exp or t isi n v ersel y rel at e d
to ￿
￿ 1
si nce as ￿
￿ 1
inc r e a ses imp o rts and e xp ort s b ecome more correlated. The r e lativ eo rderi ng
of i n t ernati o n a l consu m pt i on correl a ti o n s i s pract i cal ly una￿ e ct e d b y c h a n g e s in thi s para meter.
Qu a n ti t ativ ely , the cro ss c o u n t ry correla ti o n o f c o n sumption and in v estmen t i ncreases with ￿
￿1
.
6 Concl usi o ns
In thi sp ap er w e exa mi ne a t w o - coun t ry ,t w o-go o d in ternationalR BC mode l wi t h househol d
prod u ct i on. W e arguet ha th ousehol d pro duc t i ona dd si mp o rta n t c hanne ls thro u g h whic hc ycli-
cal di sturbances can b e propag ated b oth d o me s ti call y and i n ternat io n a l ly ,c hannel s w hi c h are
mi s si ng in a mo del w it h o n ly a mark et tec hn o lo g y ,a n d c a nr a t i onali ze otherwise un in terpretabl e
national t aste shoc ks whi c hh a v e b een previousl y use d i n the l i t erature (see e.g. Sto c km an a nd
T esar (1 994 )).
W es h o wt ha t when b o th tec hnol o gy and househ o ld p r od uc t i on sho c ks a re presen tt h em o d e l
repl i ca tes sev era lc haracteristic s of i n t er na ti o na l b usin ess cyc les a n d accoun tf o rp r e viousl y un -
expl ain ed features of the data. W ea l so di scuss whether the in tro ducti o no f a symmetrie s in t he
dri vin g forces of the mo d el al t er s basi c concl usi o n s obtain ed wi t h a symmetr ic p r oc es s for t he
di st u rbances a nd id e n ti fy those p a rameters whi c hm a y b e cruci a li nd e t e r m i n i n g t h e s i g na nd
the magnitud e of in teresti ng st atisti cs.6 CONCL USIO NS 24
D esp ite t h er el ativ e success of our m o de ll in ge ￿ ort fo r the \ qu a n ti t y puzzle " (see BKK
(1 995) ), w e a re still un a b le to accoun t for t he \pri ce puzz le", i.e. the fact that thev ol at i li t y of
thet erms o f trade i n the mod el ares o l o w rel a ti v e t o the data.W ith our b est sp ec i￿c a tio ns t h e
sta nd ar dd evi at i on of the t erms oft ra de is stil l t e n ti m e s sma l le rt hant he one of the actual dat a.
W e b el iev e that the in tr oduction of addi tional so u rces of sho c ks, s u c h as nomina ld is turbances,
or of a imp erfectly comp eti t i v e en vironmen t, ei ther nat io nall y or in ternational ly , will be c r u cial
i n accoun tin gf or thi s addi t i onal asp ecto fi n ternational busi nessc yc les.6 CONCL USIO NS 25
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AP PENDI X
BENC HMARK P A RAMETER V ALUES
￿ ￿ ￿ ￿ ￿ ￿ a b e M S 1=￿
0 : 98 0:025 0:5 1:0 0:36 0:08 0:35 0: 6 3 0 : 8 0:22 1:5
PR OCESS F OR T HE DI STURBANCES : BASIC EX PERIM ENTS
￿ S1: Domes tical ly correl ated sh o c ks wi thout sp il l o v ers.
C MA TRIX CORR ELA TION MA TRIX
AN 1 AN 2 AM 1 A M 2
A N 1 0:835 0 0 0
A N 2 0 0:835 0 0
AM 1 0 0 0:835 0
AM 2 0 0 0 0 : 83 5
AN 1 AN 2 AM 1 AM 2
AN 1 0:007
AN 2 0 0:007
AM 1 0 : 66 0 0: 0 07
AM 2 0 0 : 66 0 0:00 7
￿ S2: Domes tical l y and s ectoria ll y corr elated sho c k s w i thou ts pi ll o v ers .
CM A TRIX CORR ELA TION MA TRIX
AN 1 AN 2 AM 1 A M 2
A N 1 0:835 0 0 0
A N 2 0 0:835 0 0
AM 1 0 0 0:835 0
AM 2 0 0 0 0 : 83 5
AN 1 AN 2 AM 1 AM 2
AN 1 0:007
AN 2 0 : 2 5 0:007
AM 1 0 : 6 6 0 0: 0 07
AM 2 0 0 : 66 0:25 0:00 7
￿ S3: Dommes tic an d sectori al ly co rrela ted sho c ks w i th sp il l o v ers.
C MA TRIX CORR ELA TION MA TRIX
AN 1 AN 2 AM 1 A M 2
A N 1 0:835 0 0 0
A N 2 0 0:835 0 0
AM 1 0 0 0:835 0 : 08 8
AM 2 0 0 0:088 0 : 83 5
AN 1 AN 2 AM 1 AM 2
AN 1 0:007
AN 2 0 : 2 5 0:007
AM 1 0 : 6 6 0 0: 0 07
AM 2 0 0 : 66 0:25 0:00 7
PR OCESS F ORT HE DI STURBANCES : EXPERIMEN TS WIT H ASYMMETRI ES
￿ E1: O ne w a y spi llo v ers i n b oth tec hn olo gie s.
CM A TRIX CORR ELA TION MA TRIX
AN 1 AN 2 AM 1 A M 2
A N 1 0:835 0 0 0
A N 2 0 0:835 0 0
AM 1 0:088 0 0:835 0 : 08 8
AM 2 0 0 0 0 : 83 5
AN 1 AN 2 AM 1 AM 2
AN 1 0:007
AN 2 0 : 25 0:007
AM 1 0 : 66 0 0: 00 7
AM 2 0 0 : 66 0:25 0:00 7
￿ E2: O ne w a y spi ll o v ers , stron ger in mark et tec hno lo gy .
CM A TRIX CORR ELA TION MA TRIX
AN 1 AN 2 AM 1 A M 2
A N 1 0:835 0 0 0
A N 2 0 0:835 0 0
AM 1 0:004 0 0:835 0 : 08 8
AM 2 0 0 0 0 : 83 5
AN 1 AN 2 AM 1 AM 2
AN 1 0:007
AN 2 0 : 25 0:007
AM 1 0 : 66 0 0: 00 7
AM 2 0 0 : 66 0:25 0:00 7
O nt h e mai n di agon al of the corre lati on ma t ri x are sta ndard devi ati ons, on the l o w er hal f c orrela tion s.